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OBJECTIVES Table 1. Population pharmacokinetic parameter estimates.

Pharmacokinetic parameter Estimates (YRSE) [%Shrinkage]

@ Zolpidem Is a non-benzodiazepine hypnotic agent used for the short-term K, (hY) 11.7 (36.8)
treatment of insomnia, characterized by difficulty initiating sleep. T 109'245((188'48))

@ According to the Food and Drug Administration (FDA) label for zolpidem, the CL/F (L/h) 18.0 (7.9)
recommended initial dose is 5 mg for adult women and 5 or 10 mg for adult men, \éclzg (L) 6]‘_1-2_(4-3)
reflecting the higher exposure obser_ved In fem_ales compared to r_nalgs. IV K., (%CV) 330.8 (3c|)).(7e) [27.9]

@ To better understand sex-related differences in the pharmacokinetics (PKs) and IV MTT (%CV) 37.7 (51.0) [20.0]

. . : : IV CL/F (%CV) 24.1 (28.1) [4.70]
pharma_codynamlcs (PDs) of zolpidem, we comprehensively analyzed covariate IV BIO (%CV) 25.9 (25.3) [5.50]
effects in healthy male and female volunteers. Proportional residual error (%) 18.9 (7.20)

Notes: The percentage of coefficient of variation (%CV) was calculated as 100 X \/exp(wz) -1

I\/I ETHODS Abbreviations: BIO, bioavailability; Cl, confidence interval; CL/F, apparent clearance; CV, coefficient of variation; IV, inter-individual

variability; K,, absorption rate constant; MTT, mean transit time; NN, number of transit compartments; RSE, relative standard error; V_./F,
apparent central volume of distribution.

@ The population PK-PD model was sequentially developed using previously

published data from 30 healthy volunteers (15 males and 15 females), including Table 2. Population pharmacodynamic parameter estimates.
325 data points for plasma zolpidem concentrations and 388 data points each for . Estimates . Estimates . Estimates
o _ _ _ _ : Pharmacodynamic %RSE Pharmacodynamic %RSE Pharmacodynamic %RSE
the digit symbol substitution test (DSST) score, choice reaction time (CRT), and parameter (%RSE) parameter (%RSE) parameter Bl
: : [%Shrinkage] [%Shrinkage] [%0Shrinkage]
sedation visual analOg scale (VAS) SCore [1] Digit symbol substitution test Choice reaction time Sedation visual analog scale
@ Parameters were estimated using a nonlinear mixed-effects modeling approach ICs (MG/L)? 205 (7.5) ECsp (HQ/L)° 282 (8.5) ECsp (HO/L) 146 (12.7)
- - - _ " - - Effect of weight —-1.57 (24.3) Effect of weight -0.0193 (14.1) HILL 1.92 (16.3)
with NONMEM (version 7.5.1) and first-order conditional estimation. Effect of albumin 0.541(41.6) Effect of albumin 3.89(29.8)  H, (MmM/100) 0.303 (17)
@ Covariate effects were assessed using stepwise forward selection (p < 0.05) and HILL 2.54 (11.1) Effect of CRTB1 ~1.28(26.1)  H, (mMm/100) 0.362 (13.5)
. . NN . . . Effect of age ~0.0143 (23.1)  Effect of albumin -5.26 (21.7)  H, (mm/100) 0.127 (20.9)
@ Candidate covariates Included sex, age, weight, albumin, alanine MAX (score) 14.4 (10.6) Effect of CRTB1 0.00637 (15.7)
aminotransferase (ALT), aspartate aminotransferase (AST), total Dbilirubin, LRPAR (h) 4.3 (38.6) BASE (msec)® 437 (1.8)
. . Effect of age 0.0112 (22.2)  IIV EC;, (%CV) 53.9 (44.7) [20]
creatinine, and each baseline PD measure at 1h. MAX 5.6 Fixed IV H,f 1.03 (44.6) [20.6]
IV IC;, (%CV) 22.3(28.9) [15.2] IV EC, (%CV) 21.1 (35.1)[20.2] IV H,f 0.653 (49.0) [22.1]
R ES U LTS IV BASE (%CV) 13.1(28.9)[3] IV BASE (%CV) 9.4 (27.6)[4.4] NV H,f 1.7 (37.9) [19.9]
IV HILL (%CV) - IV H,f 0.699 (40.9) [30.6]
h h . f final lati del i h : . Additive residual 6 (5.8) Proportional 9.42 (7.2) Additive residual 14.4 (5.5)
@ Thesc ematlc_ structure of fina popu a_tlon PK-PD mo el Is shown In F_|gure 1. error (score) - residual error (%) A2 (1. error (mm) 4 (.
e Goodness-of-fit pIOtS and predlctlon-corr_ected visual predlct_lve checks Notes: The percentage of coefficient of variation (%CV) was calculated as 100 x \/exp(w?) — 1.
demonstrated that the model adequately described the observed zolpidem PK and oICsp pssr (MG/L) = 205 x (Weight/60.05)"57 x (1 + 0.541 x (Albumin — 4.4))
PD profiles (Figure 2, Figure 3). bBASEpr (score) = 68.2 x (1 — 0.0143 x (Age — 29.5))
ECqq,crr (MG/L) = 282 x (1 - 0.0193 x (Weight — 60.05)) x (Albumin/4.4)389 x (CRTB1/438.5)-1:28
dHILLgr = 6 x (Albumin/4.4)526 x (1 + 0.00637 x (CRTB1 — 438.5))
Zolpidem K Ke K K Central CL/F eBASEg; (msec) = 437 x (1 + 0.0112 x (Age — 29.5))
dose o A Fn-1 In compartment ¢ . - - :
The 1IV was modeled as an additive effect on the logit-transformed baseline VAS (Day -1) and expressed as w? instead
- NN +1 of %CV.
MTT Abbreviations: BASE, the baseline pharmacodynamic measurement; CRT, choice reaction time; CRTB1, the baseline CRT value at 1 hour on
Direct response model Day -1; CV, coefficient of variation; DSST, digit symbol substitution test; EC., the half-maximal effective concentration of zolpidem in plasma;
H,, VAS measurement at 1 hour on Day -1; H,, VAS measurement at 2 hours on Day -1; H;, VAS measurement at 4 hours on Day -1; H,, VAS
/ / measurement at 12 hours on Day -1; HILL, Hill coefficient; IC;,, the half-maximal inhibitory concentration of zolpidem in plasma; IV, inter-
~ < ~N -~ ~ individual variability; LRPAR, the time to half-maximal learning effect; MAX, the maximum drug effect parameter, expressed as either an
Digit symbol substitution test Choice reaction time Sedation visual analog scale additive change (DSST) or a proportional change (CRT) from baseline; VAS, sedation visual analog scale.
Farus = 7 CH+CH p— fffcm p— ,fffcm e The medians of the parameters obtained from 1000 bootstrap replicates were
50 50 50 . . .
| comparable to the parameter estimates in the final models.
. — BASE + MAX X TIME CRT = BASE x (1 + MAX X Egpq) BASE: Linear spline model with _ h _ ] ]
tearn LRPAR + TIME Hy (Lh), Hy(2h), H (4h), Hy(12h) @ In the forest plot, weight at the 90" percentile (78.0 kg) was associated with a
DSST = Ejparn X (1 Eapug) VAS = BASE + (100 — BASE) X Egryg clinically relevant reduction in ICg, psst and ECgj gy relative to 60.05 kg, with point
— — O — — 7 o estimates [90% CI] of 0.66 [0.60-0.77] and 0.65 [0.59-0.77], respectively (Figure 4).
: R . 11 ECg ~ Weight, Albumin, CRTB | . _________________________________
: g:XOSE \ivzlght! Albumln : : HILSE Album|n CRTB'I : (A) = Confidence interval = » Reference subject Reference area ® Point estimate = Confidence interval - = Reference subject Reference area ® Point estimate
: __________ g_ e_ ___________________ ,: :\ _B_A_S_E :: _A_g_e_ ___________________ ;: BASE_DSST Statistics:BASE_DSST IC50 Statistics:IC50
i WEI 78.0kg{ —o—— 0.66 [0.60-0.77]
Figure 1. Final population pharmacokinetic-pharmacodynamic model structure for zolpidem. . ; 0871071095 _ : emin |2
@ N @ . ® @ U i WEI 50.2 kg - * 1.3 [1.1-1.7]
(A) /,,,/(B) ;::E J:f (C) G (D) T i i i . | o0 :
i 8. H g ] pes e E ! ; gGQ% g m&;é} Q%i%g B ALB 4.8 g/dL - * 1.20.98-1.5] i
;w;ﬁggi% %; L ﬁ b §§§§§ ?i 8,1 gt%%ggﬁg L3 e . 08012 ALB 4.4 gfdL —— 1.0 [0.89-1.2] §
Moo Yo Yammmmee Yo i e R ' — 078 06505
Uzsa 3 ’ o 25] s 3 ! §:§°: D fRens o i ! . o Re?lftive parar11:|?e’[ervalue111 . o Re:é?i(i/e paramelffvalue =0 b
E ] §§Z§ ] g G g 9825 : Dggng_f g 2 § § ?éus____ g _____________ %Efgg_s == Confidence interval * * Reference subject Reference area @ Point estimate == Confidence interval * = Reference subject Reference area @ Point estimate == Confidence interval * * Reference subject Reference area @ Point estimate
?“%Eéﬁ% §§§ Egrg g é%%ﬂ% z % ---------- 2 55% ----- %E%Sg% o Eég;: % § gé% § §i§a§§ (B) BASE_CRT Statistics: BASE_CRT EC50 Statistics:EC50 HILL Statistics:HILL
55016 I o e e . D ol | RERENRAA ame 8 ARmREsaEas saosos el 8 R R RArRET: WEITBlig) = b p ALB48 gLy —e— 0.62 [0.49-0.81]
T O . A L oo ted 1 e i Popete predcled A8 ) - Age 38y e 1110 WE80% i1 i roneEd % | z
i WEI 50.2 kg R s 12[0.99-15] ALBA4 gidl 1 — 10[081-1.3] 5
Figure 2. Goodness-of-fit plots of the final zolpidem population pharmacokinetic- § § . wpean [ s | = 1711428
pharmacodynamic model for (A) plasma zolpidem concentrations, (B) digit symbol substitution aS opsg g s — opea S |
test, (C) choice reaction time, and (D) sedation visual analog scale. | S s 0551056095 _ - 4008
- | N C:TRBT:::::::Z —o— (123[508(;8112;] § CRTB1 438.5 msec —o— 10[0.81-1.3] %
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| Figure 4. Forest plots illustrating the effects of covariates on (A) the baseline DSST values and
IC50 and (B) the baseline CRT values, EC50, and HILL based on the final zolpidem population
pharmacokinetic-pharmacodynamic model.
@ Zolpidem exhibited increased potency with higher weight and lower albumin, while
| : older age was associated with lower baseline DSST scores and higher baseline
g e 6 CRT times, leading to reduced response.
(C)  Comarwomties . o — o xS TSy = = = (D)  Quapemsts . on — i o S = = = @ Since weight and albumin differ significantly between males and females in the
1 ! ST I ! 1 dataset, these covariates might contribute to observed differences between sexes.
@ The proposed population PK-PD models suggest that weight, albumin, age, and
baseline PD measures, rather than sex, are the primary determinants of zolpidem’s
pharmacodynamic response.
| o [1] Yoon, S., Jeong, S., Jung, E. et al. Effect of CYP3A4 metabolism on sex differences
= In the pharmacokinetics and pharmacodynamics of zolpidem. Sci Rep 11, 19150 (2021).
: o TIME2I0 . 6 " TIMEZIO . httDS//dOl Orgllo 1038/841598'02 1'98689'2
Figure 3. Prediction-corrected visual predictive checks of the final zolpidem population [2] Troconiz, I.F,, Boland, K. & Staab, A. Population Pharmacokinetic/Pharmacodynamic
pharmacokinetic-pharmacodynamic model for (A) plasma zolpidem concentrations, (B) digit Model for the Sedative Effects of Flibanserin in Healthy Volunteers. Pharm Res 29,

symbol substitution test, (C) choice reaction time, and (D) sedation visual analog scale. 1518-1529 (2012). https://doi.org/10.1007/s11095-011-0648-6
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